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Table 1 – Summary of the percentage of different metals trans-
formed to alteration products in each sample. ALH 78130 has a 
more altered interior than rim. This is likely due to the position-
ing of an open fracture next to where the interior sections were 
taken. 
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Introduction: Antarctic weathering of ordinary 
chondrites primarily affects Fe-Ni metals [1, 2] which 
are the main magnetic minerals of the meteorites [3, 4]. 
The magnetic properties of meteorites can thus be used 
as proxies to weathering state. The alteration products 
resulting from oxidation and weathering of the metals 
can also have magnetic properties of their own [5]. 
However, the mode of weathering that operates in dif-
ferent environments varies, as do the products. As 
such, understanding how the magnetic properties are 
affected in Antarctica is important to recognize and 
understand. 
Samples:  Six L6 chondrites collected from Antarc-
tica were used in the study: QUE 94214, QUE 99022, 
ALH 78130, ALH 85017, ALH 84056 and ALH 
84058. The magnetic properties of rim and interior 
chips of all, between 1-3 g mass, were measured. The 
meteorites used cover the range of weathering and frac-
ture grades as set out in the Antarctic Newsletter [6]. 
Thin sections of the rims and interiors of each meteor-
ite were used for petrological studies. All rim sections 
are clearly identified from the presence of fusion crust. 
Methods: An extensive petrological study was un-
dertaken at The Open University using reflectance and 
transmitted light microscopy, Scanning Electron Mi-
croscopy (SEM) and Electron Microprobe Analysis 
(EMPA). A FEI Quanta 3D dual beam SEM fitted with 
an Oxford Instruments 80 mm X-MAX energy disper-
sive X-ray detector was used to obtain images and ele-
ment maps. Consequent images of the thin sections of 
each meteorite, rim and interior, were analysed in tan-
dem with element maps using an image processing 
software package (imageJ) to quantify the ratio of met-
als and sulphides to resultant alteration product. Min-
eral analysis was obtained from a Cameca SX100 EMP 
using the following conditions: spot size of 10 µm, 
accelerated voltage of 20 kV and a beam current of 20 
nA. All magnetic studies were undertaken at CEREGE. 
Susceptibility was measured using a Agico MFK sus-
ceptometer (frequency 976 Hz, applied field 200 A/m). 
Hysteresis measurements were performed using a 
Princeton Micromag Vibrating Samples Magnetometer.  
Petrology:  The classifications of the six L6 chon-
drites are confirmed from pyroxene and olivine compo-
sitions and microscopic studies. The meteorites cover a 
wide range of weathering grades (see *table 1) and 
shock stages. The shock stages were ascertained using 
optical microscopy [7]. The main product of the Ant-
arctic weathering is Fe-oxyhydroxides, which follow 
from the breakdown of kamacite, taenite, tetrataenite 
and troilite. Five out of the six meteorites demonstrate 
a weathering pattern consistent with the initial break-
down of kamacite, followed by taenite/tetrataenite be-
fore the troilite is affected. As the first minerals to 
weather in Antarctic weathering are the main magnetic 
minerals of L chondrites [3], the magnetic properties 
should then be related to the amount of metal trans-
formed to Fe-oxyhydroxides. The proportion of metal 
transformed to Fe-oxyhydroxide can be a useful proxy 
to a quantifiable weathering index which should tie in 
with magnetic changes. The Fe-oxyhyroxides include 
goethite which is a ferromagnetic mineral. Most of the 
meteorites demonstrate a similar amount of % oxide in 
the interior samples compared to the rim. Notable ex-
ceptions are QUE 99022 and ALH 84056, which 
demonstrate significantly more weathered rims than 
interiors and ALH 78130 which has a significantly 
more weathered interior compared to the rim. The inte-
rior sample of ALH 85017 is also notable for an above 
average metal content.  
Magnetic properties: Mrs (saturation magnetiza-
tion) and Bcr (coercivity of remanence) both separate 
out the more shocked meteorites with lower values for 
those above shock stage S4 (Fig. 1). In those meteor-
ites which are not affected by levels of shock S5, a 
general positive trend between Bcr and Mrs is ob-
served, both parameters tracing high coercivity miner-
als like tetrataenite (primary) or goethite (weathering 
product). Four of the meteorites (ALH 84056, QUE 
94214, ALH 85017, QUE 99022) show a decrease in 
Ms (saturation magnetization) between the rim and 
interior of the samples. A general negative correlation 
is apparent between % altered taenite and kamacite 
with the magnetic susceptibility (χ) (Fig. 2). An ideal-
ized zero alteration point has been added from the av-
erage value of a fresh L6 fall by [9] and a theoretical 
completely weathered point has been added with an 
assumption of no magnetic secondary minerals having 
been produced. The line between the two shows the 
theoretical path of susceptibility with weathering. The 
main deviation from this trend is ALH 85017 I, which 
has an unusually large amount of kamacite (as ob-
served in the accompanying thin section). In general, 
the other meteorites fall along this trend. A weak corre-
lation between Ms and % altered Fe-Ni metal is also 
observed. Differences between rims and interiors of the 
meteorites are not consistent between the different me-
teorite pairs.  
Discussion and conclusions: Highly shocked me-
teorites are known to be separated out by Mrs and Bcr 
because of the disordering of the magnetically hard 
phase tetrataenite to the magnetically soft phase, tae-
nite [3, 4]. Those samples in this study at shock stage 
S5 have distinctly lower values, caused by tetrataenite 
disordering into taenite. Tetrataenite, as a magnetically 
harder mineral [3, 8], demonstrates a higher coercivity 
and consequently has significantly different magnetic 
properties.  
Susceptibility and Ms directly relate to the % al-
tered Fe-Ni metal as it estimates the bulk quantity of 
metal (the main magnetic minerals) in the sample and 
so is in line with the findings of [9]. The meteorites 
show deviations from the idealised path of susceptibil-
ity with weathering. Two possible reasons for these 
deviations can be inferred: The contribution from the 
weathering products adds to the magnetic susceptibil-
ity, reducing the magnitude of the susceptibility lost 
from kamacite, taenite/tetrataenite altering or the sam-
ple has a unusual abundance/deficit of magnetic miner-
als as is the case with ALH 85017 I.  Fe-oxhydroxides 
and akaganeite have been identified in the meteorites 
studied, which can contribute to magnetic susceptibil-
ity. This might be contributing to some of the devia-
tions from the idealised pattern.  
Differences in magnetic properties between rim and 
interior of samples show no consistent patterns, most 
likely due to the inconsistent amounts of weathering 
between the rims and interiors of the meteorites. In-
stead, discernable patterns in susceptibility come from 
comparisons with the percentage of altered metal in the 
samples rather than distance from the fusion crust. This 
means that the interior sample of a meteorite is not a 
guarantee of a fresh, unaffected sample as the interiors 
of the meteorites do not necessarily demonstrate less 
altered magnetic minerals. 
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Fig. 1 – R and I refer to rim and interior samples. Shock grades have 
been annotated on the graph demonstrating that the meteorites with 
shock grades of 5 all cluster with low Mrs and Bcr values. The lower 
shock grades show no constant change between the respective rims 
and interiors. 
 
Fig. 2 – Specific susceptibility and % kamacite, taenite and tetratae-
nite weathered. Red points are the theoretical endpoints of a sample 
with all magnetic minerals weathered out and replaced with non-
magnetic alteration minerals with the value for a fresh L6 fall taken 
from [9] to represent an un-altered sample (error bar shows standard 
deviation). A negative correlation can be seen between % metal 
weathered and χ as increasing amounts of metal and sulphide is trans-
formed to Fe-oxyhydroxides. ALH 85017 interior has an anomalously 
high χ due to two large (1.5-2 mm) kamacite and taenite/tetrataenite 
grains.  
